fusion of the CART region to the Gal4 domain (pMCART) significantly resulted in luciferase induction (B2.5-fold to pM, P < 0.05, Figure 1a ). To confirm this observation, a similar procedure was performed in rat primary cortical neuron culture system, with the exception of the pcDNALacZ in the transfection. Surprisingly, the results showed that pMCART more dramatically increase the luciferase activity compared with the empty vector pM (B14-fold, Figure 1b ). These data clearly indicate that the C-terminal domain in CART is a transactivator in mammalian cells.
Previously, several studies reported association between the synaptosomal-associated protein 25 kDa (SNAP-25) and attention deficit hyperactivity disorder (ADHD). Initially, Barr et al. 1 identified two single-nucleotide polymorphisms (SNPs) (MnlI, DdeI) located four bases apart in the 3 0 UTR of SNAP-25 and found significant overtransmission of the TC haplotype (P = 0.03). Since then, other researchers attempted to replicate this finding by investigating these two SNPs. Brophy et al. 2 found significant association for DdeI polymorphism but not for MnlI polymorphism. Kustanovich et al. 3 detected a trend for overtransmission of the TC haplotype (P = 0.08). Mill et al. 4 reported that the TT haplotype was significantly transmitted to ADHD offspring (P = 0.01).
Although the specific functionality of these SNPs are not known currently, they are located in a region (3 0 UTR) which is an important site for mRNA stability and translational efficiency. 5 So it is possible that these SNPs may play a role in gene regulation and thus enhance susceptibility to ADHD. In light of these evidence, we sought to investigate whether these SNAP-25 polymorphisms were also associated with ADHD in the Korean population.
ADHD cases were recruited through Bundang Cha Hospital and Yongdong Severance Hospital in Korea. For this study, all children were assessed through an interview with the mother and for children aged 8 years or older, a direct interview was carried out after interviewing with the mother. All interviews were conducted by four board-certified child psychiatrists (Choi TK, Song DH, Park TW, Yook KW). The diagnosis of ADHD was made in accordance with the criteria from the Diagnostic and Statistical Manual of Mental Disorders -Fourth Edition (DSM-IV). 6 We excluded children with IQ score lower than 70 and with medical, neurological, or other co-morbid psychiatric disorders such as conduct disorder, oppositional defiant disorder, tic disorder, anxiety disorder, and mood disorder. In this study, we excluded ADHD children with any psychiatric co-morbidity in order to increase the homogeneity of our samples and also because we wanted to find genetic associations that are relevant to the ADHD phenotype only. A previous multisite study showed that the 'pure' ADHD group without any co-morbid psychiatric disorders differ from the ADHD group with co-morbidities in key areas such as baseline characteristics, treatment response, and outcome. 7 They further suggested that genetic studies may benefit by the discrimination of different ADHD groups according to co-morbidity profiles. There are also evidence from epidemiological studies of ADHD which suggest that this kind of approach may be useful for genetic association studies of ADHD. 8 Control subjects were recruited from one elementary school. Initially, children were screened for the existence of any psychiatric disorders using questionnaires given out to parents and also telephone interview with teachers. After that, for all the children who showed no evidence of any psychiatric illness in the initial screening, a full clinical assessment was carried out by two board-certified child psychiatrists by direct interview (Choi TK, Park TW). Children with any medical, neurological, or psychiatric disorders were excluded from the study.
In total, 95 cases and 102 controls were included in this study. The study was approved by the Institution Review Board of Pochon CHA University, College of Medicine, and informed consent was obtained from every participants and their parents in advance.
Genomic DNA was extracted from ethylenediaminetetraacetic acid (EDTA)-blood (stored frozen) using AccuprepTM Genomic DNA Extraction Kit (Bioneer, Korea). Genotyping of the SNPs were carried out by MassARRAY system (Bruker-Sequenom, CA, USA). Standard Pearson's w 2 -test was used to assess the significance of the differences in frequencies of genotypes and alleles.
For MnlI polymorphism (rs3746544), there was an excess of the T allele in cases compared with controls (80 vs 75.5%), but the difference was not statistically significant (P = 0.28) ( Table 1 ). The DdeI polymorphism (rs1051312), which has a minor allele frequency of about 0.22 in the Caucasian population, 1-4 turned out to be monomorphic in our Korean population. This MnlI SNP was in Hardy-Weinberg disequilibrium (HWD) for cases (P = 0.0008) and in HardyWeinberg equilibrium (HWE) (P = 0.306) for controls. Analysis of the distribution of genotypes of MnlI polymorphism detected a significant difference between cases and controls (w 2 = 9.57, 2 df, P = 0.008) with the homozygotes having a higher frequency in cases, and heterozygotes having a higher frequency in controls (Table 1) .
This study provides significant evidence for association of the MnlI polymorphism and supports the result from a recent pooled analysis that reported a significant association of this SNP with ADHD. 9 However, it is difficult to judge by our result alone whether the T or the G allele is more important, as both homozygotes (TT, GG) are more frequent in cases. Rather, the most striking finding is that there were twice as many heterozygotes (40.2%) in controls than in cases (21.1%). This may represent an example of heterozygote advantage or 'molecular heterosis', 10 which refers to situations in which heterozygotes show a greater or weaker effect for a trait than the homozygotes. In this case, the heterozygous TG genotype shows a greater effect for a normal mentally healthy trait or to put it differently, a weaker effect for the ADHD trait. One proposed mechanism for this phenomenon is that homozygotes produce too much or too less amount of protein for optimal biological activity, whereas heterozygotes produce just the right amount of protein. 10 Previous studies of SNAP-25 also indicate that underexpression or overexpression of SNAP-25 can cause disruption of normal neural functioning. 11, 12 This phenomenon is reported to be widespread in human genetic associations and failure to consider such effects in family-based association studies may result in false-negative findings. 10 In summary, we detected a significant association of the MnlI polymorphism in our ADHD sample. Owing to our modest sample size, further investigation by other groups is required to confirm our findings. Especially, whether the ADHD patients with no co-morbid disorders are specifically associated with this SNP warrants further replication in independent samples. This study is also, to our knowledge, the first report on the association of SNAP-25 with ADHD in the East Asian population.
No preferential transmission of paternal alleles at risk genes in attention-deficit hyperactivity disorder Attention-deficit hyperactivity disorder (ADHD) is a heterogeneous neurodevelopmental condition for which a significant genetic component has been suggested, although the mode of inheritance appears to be complex. Recently, Hawi et al. 1 reported data supporting the presence of parent-of-origin effects for the transmission of risk alleles for nine dopaminergic and serotoninergic genes showing association with ADHD. After conducting a transmission/disequilibrium test (TDT) analysis, Hawi and colleagues observed an enhancement of the association findings when parental transmissions were analyzed separately, with association due principally to paternal overtransmission of risk alleles.
To verify this hypothesis, we undertook the investigation of parent-of-origin effects in an independent sample of nuclear families from the Toronto area. The characteristics of the sample, methods of assessment and inclusion/exclusion criteria have been described previously. 2, 3 The number of families genotyped for each gene varied between 142 and 266 families for the different markers, dependent on the
